Analysis of a personal series of 274 cases of brain abscess indicates that excision gives better results than aspiration, even in most of the so-called acute abscesses. The general outlines of the neurosurgical treatment are given, with emphasis on emergency procedures. A similar method is advised in cases of acute subdural empyema.
W
ITH the introduction of antibiotic therapy the prognosis for brain abscess has definitely improved. Since 1944 we have seen a total of 274 cases of acute and subacute brain abscess, and here discuss the treatment and results. Subdural empyema presents related problems, and we also report our series of 37 cases.
Brain Abscess Results of our two series of acute and subacute brain abscess are summarized in Table  1 . Mortality for acute cases was between 50% and 60%, in contrast to between 25% and 30% for subacute and chronic cases. Aspiration techniques were associated with a 60% mortality, and excision with 25% to 30% mortality. These results, however, need careful analysis since there are relatively few cases of acute abscess or aspiration treatment in the series.
Acute Cases
Summary o/ Cases. From 1960 to 1971 there were 24 acute cases with 13 deaths; one case was not diagnosed but discovered at postmortem. Aspiration was used in seven cases with five deaths, excision en masse in seven cases with five deaths, and piecemeal excision in nine cases with three deaths. The last technique seems safest. In our 1945 to 1959 experience only one abscess was aspirated and the patient died, while of the 12 that were excised, six patients survived.
The origin of the 24 acute abscesses is summarized in Table 2 . The results confirm the severe prognosis of acute metastatic abscess, the type that probably is responsible for most of the "unknowns. ''11 Specific organisms were found in 18 cases (Table 3) . The very high mortality in acute streptococcal infection seems significant, staphylococcal infection being less severe. We emphasize the importance of large doses of antibiotics administered systemically and intrathecally and, during the operation, into the abscess cavity and ventricles. 4 There were four multiple abscesses with four deaths, 10 multilocular abscesses with three deaths, and 10 simple abscesses with six deaths. As a rule, the abscess capsule was irregular and incomplete, or even not perceptible at all. The relationship of abscess location to mortality is summarized in Table 4 . Diffuse meningitis preexisted in these cases and was found postoperatively in four, the latter including a posttraumatic abscess treated first by aspiration, later by excision en masse. In all the other cases death was related to massive brain edema of the whole involved hemisphere, with temporal (uncal) herniation and venous hemorrhage in the brain stem. Seven patients who died were comatose at the time of operation.
Comment. Characterization of "acute abscess" is not always made clear. ~,6,~~ Strictly speaking, a brain abscess belongs in the acute class if it is brought to the neurosurgeon after a period of less than 8 days, generally 3 to 6 days. This implies that the date of onset can be fixed with precision. Another important but not essential condition is the presence of massive brain edema of the whole hemisphere, with, as a constant fixture, temporal herniation. However, the latter is also seen in the terminal phase of a subacute or chronic abscess.
Acute abscesses can appear in three forms, sometimes combined. Those of the first type contain only a few cubic centimeters of liquid pus, have no macroscopic boundary, and merge with the surrounding edema. A second type has liquid pus partly surrounded by a thin capsule generally of irregular shape. The third group is the classical abscess with 5 to 10 cc of pus and a consistently thick capsule; these relatively rare cases are undoubtedly acute because of their rapid evolution. Whatever the type, the anatomical characteristic is the disproportion between the enormous edema and the small quantity of pus. This, in our opinion, explains the inadequacy of aspiration as a technique to prevent the immediate danger of death, even with antibiotics injected into the abscess. Admittedly the edema is partly inflammatory but a direct and more radical approach is necessary to relieve the acute tom- pression of the brain stem before irreversible damage has taken place. The same opinion is expressed by BottereU and Drake2
The extent of the resection, of course, depends on the site of the lesion and has to be restricted in rolandic or left temporal lobe abscesses. This point has been emphasized by Pennybacker is and Krayenbiihl, 1~ but the dangers of uncal herniation darken the immediate prognosis.
Subacute and Chronic Cases
Summary of Cases. From 1960 From to 1971 there were 75 cases of subacute and chronic abscess, with 19 deaths. In all cases the abscess was found at operation, but in three of the fatalities diagnosis and excision of the abscesses were delayed. The results with various operative techniques are summarized in Table 1 . Here again the mortality associated with aspiration was much higher, but there were too few cases to be significant. The etiology of the subacute abscesses is summarized in Table 5 . There were two unusual cases: one a Cysticercus abscess of the left frontal lobe, and the other a Nocardia abscess of the parietal lobe. The bacteria found in 55 cases are summarized in Table  6 . The staphylococcal infections were the least serious. The relationship of mortality to form and location is found in Table 7 ; the results confirm most of the statistics of others. In our 1944 to 1959 series, we found 93 cases with a single abscess out of a total of 162 cases.
Preexisting meningitis was the cause of death in four cases, associated subdural erapyema in two, and delayed lung infection in four. Six other deaths were related to brain edema; three of these patients being in deep coma prior to operation.
Discussion
Our results justify using excision as often as possible in the treatment of brain abscess; thanks to penicillin, we could take that stand as early as 1945.14,16 The mortality rate in our two series for 240 excision cases is 64 deaths, or 27%. These results compare favorably with large series in which the aspiration technique was used much more frequently, 5,~ and are not far from the percentages given by Krayenbfihl? ~ Brain abscess, in spite of antibiotic therapy, still constitutes a grave neurosurgical emergency. We advise a procedure similar to that of Botterell and Drake. 3,12,~z When a brain abscess is suspected clinically and radiologically, nearly always after arteriography, and whatever the neurological status of the patient, the diagnosis must be confirmed at once by a burr hole and brain needling. Antibiotics are instilled in the abscess cavity and given in high doses intravenously. Then if the patient is not alert, and always if he is comatose, the abscess should be excised immediately under cover of local antibiotic therapy. The prognosis is much more severe if the pathology is an acute abscess with edema of the brain and temporal herniation. We believe the preoperative state of consciousness is the best index of the final outcome. Moreover, we feel strongly that even a "chronic" abscess of the brain must be treated as an emergency. Time and again we have seen cases with an apparently slow evolution which suddenly, often after an ill-advised lumbar puncture, developed stupor and would have died if not operated on immediately. All our patients with brain abscess treated at the deep coma stage died, regardless of the duration of the disease.
If, on the other hand, there is no sign of high intracranial pressure, one can wait for a few hours, but the following day at the latest excision of the abscess should be performed, here again with antibiotics instilled into the abscess cavity after it has been reduced in size by tapping.
Antibiotic intravenous therapy must always be given postoperatively for at least 10 days, and every day for 4 to 5 days, intrathecally. It is not our experience that epileptic seizures are a complication of this technique: only one patient developed seizures, and that after local applications of penicillin powder in the abscess cavity. The use of antibiotics such as framycetin* in solution eliminates this hazard. Barbiturates and bromides are given immediately. Local drainage is usually useless and may lead to osteitis.
We firmly advise against the use of repeated aspirations because it does not always lead to improvement before excision, especially in acute abscesses. Perhaps this opinion comes from the large number of cases which are sent to our hospital as emergencies.
As in every neurosurgical enterprise, the risks of severe definitive incapacitation have to be balanced against the dangers of death by inadequate decompression. Many brain abscesses involving fundamental structures must be attacked from inside the abscess in order to carry out excision with the least damage to the surrounding brain. In a way, this is a combination of aspiration and piecemeal resection technique. The main point to keep in mind is a complete elimination of the lesion. If any macroscopic part of the abscess is left behind, there is a risk of persistent infection, and a much greater risk of postoperative cerebral edema and temporal herniation, just as after incomplete excision of brain tumors.
Subdural Empyema
In their classic paper Schiller and his Oxford collaborators 19 described 33 cases of "spreading purulent pachymeningitis;" 23 were operated on with little or no penicillin administration and all died. Of 10 cases adequately treated, seven recovered. In 1949, one of us reported 13 such cases with nine recoveries when treated with surgery and penicillin. 1~
In the 25 years between 1946 and 1971 we saw 37 cases of acute subdural empyema, with an overall mortality of 40%. Some improvements of this percentage should occur, we believe, with a more systematic approach to the general and intracranial problems of such a severe infection.
Summary of Cases. Two-thirds of our patients were between the ages of 10 and 40 years and the mortality for that age group was 33%. More than four out of five patients were male. This was consistent with the findings of other series?, 9 All four of the bilateral eases died; of 20 patients with infection on the left side, nine died, while two of the 11 patients with right-sided infection died. In most cases the pus spread over the entire hemisphere, especially along the falx and sometimes below the tentorium. As a rule it was thickest in the frontal region near the frontal sinus.
In 16 cases, frontal sinusitis was the origin of the intracranial suppuration, with five deaths; six cases resulted from facial infections, with one death; six head injuries caused infection accounting for three deaths; three cases of meningitis were all fatal; and six infections had an unknown origin, with two deaths. Streptococci were responsible for seven deaths out of 11 cases, while there was only one fatality in six cases of staphylococcal infection. No organisms were found in 15 cases with five deaths. Meningococci, Proteus, and P[eiffer bacilli were found in the remaining five cases, with two deaths.
One or several brain abscesses were found in seven patients; three were acute and all died; four were subacute and two of these patients died. Suspected or proven osteitis was present in eight cases, but did not alter the prognosis. Association with diffuse meningitis was much more severe and all three such patients died. When the meningitis was localized below the subdural empyema, and if local antibiotic therapy was used, the outlook was better; all three cases of this sort recovered.
Comment. "The clinical picture of purulent pachymeningitis is characteristic and corresponds to a diffuse paralysis of the cortex of one cerebral hemisphere associated with rise of intracranial pressure. 'u9 There is little to add to this concise statement by Schiller, et al. Seizures are frequent (about 30%). The state of consciousness is here again a most important factor in the prognosis: deep coma is always fatal if it develops in a few hours.
An acute subdural abscess adds to the dangers of pressure on the brain those of a spreading infection; both contribute to brain edema. The medical treatment is based on antibiotic therapy given in very high doses systematically and locally, with no fear of epileptic seizures. "Locally" means in every space containing pus, both subdural and subarachnoidal, and, at least as a precautionary measure, intraventricularly and intrathecaUy by lumbar puncture.
Acute subdural abscess is the most imperative of neurosurgical emergencies. Bilateral arteriography is of course now a very useful preoperative examination. Two principles seem to us mandatory, namely to achieve a satisfactory decompression of the brain and to make sure of a complete evacuation of the pockets of pus, paying special attention to both sides of the dural falx. This is why, as early as 1947,13,1~ we favored turning a large osteoplastic flap, sometimes bilaterally, as soon as the diagnosis was verified through burr holes. Glass 7 also favored the bone-flap method in one case published in 1947. In the British series published in 1970,1 it was used in 33% of the cases, against 66% treated by burr holes and drainage; the overall mortality was 34%. Nearly the same figures are found in a series of 29 cases published in 1964 and treated by burr holes and subdural catheters2
In our series we find that among six cases treated only by burr holes and antibiotic instillation there were four deaths (66%). Five cases were treated by burr holes and a bone flap more than 24 hours later; there were four deaths (80%). Twenty-six cases were treated by large unilateral or bilateral bone-flap, either at once or less than 24 hours after the burr holes; six of these patients died (23%). We believe it is advisable to turn a large bone flap as soon as possible. Strangely enough, after total aspiration of the pus, it is usually possible to close the dura over a brain that looked at the beginning dangerously swollen and inflammatory. Rarely the flap cannot be preserved. We believe that preoperative osteitis following infection of a sinusal suppuration is not as common as is classically reported. 19 We do not wish to be too dogmatic. In such a dangerous disease as acute subdural suppuration, treatment with multiple burr holes, drainage, and antibiotic instillation may seem advisable. However, one must keep in mind the possible necessity of providing adequate decompression of the brain without delay.
